Abstract As part of its single technology appraisal (STA) process, the National Institute for Health and Care Excellence (NICE) invited the company that manufactures cabazitaxel (Jevtana Ò , Sanofi, UK) to submit evidence for the clinical and cost effectiveness of cabazitaxel for treatment of patients with metastatic hormone-relapsed prostate cancer (mHRPC) previously treated with a docetaxel-containing regimen. The School of Health and Related Research Technology Appraisal Group at the University of Sheffield was commissioned to act as the independent Evidence Review Group (ERG). The ERG produced a critical review of the evidence for the clinical and cost effectiveness of the technology based upon the company's submission to NICE. Clinical evidence for cabazitaxel was derived from a multinational randomised open-label phase III trial (TRO-PIC) of cabazitaxel plus prednisone or prednisolone compared with mitoxantrone plus prednisone or prednisolone, which was assumed to represent best supportive care. The NICE final scope identified a further three comparators: abiraterone in combination with prednisone or prednisolone; enzalutamide; and radium-223 dichloride for the subgroup of people with bone metastasis only (no visceral metastasis). The company did not consider radium-223 dichloride to be a relevant comparator. Neither abiraterone nor enzalutamide has been directly compared in a trial with cabazitaxel. Instead, clinical evidence was synthesised within a network meta-analysis (NMA). Results from TROPIC showed that cabazitaxel was associated with a statistically significant improvement in both overall survival and progression-free survival compared with mitoxantrone. Results from a random-effects NMA, as conducted by the company and updated by the ERG, indicated that there was no statistically significant difference between the three active treatments for both overall survival and progression-free survival. Utility data were not collected as part of the TROPIC trial, and were instead taken from the company's UK early access programme. Evidence on resource use came from the TROPIC trial, supplemented by both expert clinical opinion and a UK clinical audit. List prices were used for mitoxantrone, abiraterone and enzalutamide as directed by NICE, although commercial in-confidence patient-access schemes (PASs) are in place for abiraterone and enzalutamide. The confidential PAS was used for cabazitaxel. Sequential use of the advanced hormonal therapies (abiraterone and enzalutamide) does not usually occur in clinical practice in the UK. Hence, cabazitaxel could be used within two pathways of care: either when an advanced hormonal therapy was used pre-docetaxel, or when one was used post-docetaxel. The company believed that the former pathway was more likely to represent standard National Health Service (NHS) practice, and so their main comparison was between cabazitaxel and mitoxantrone, with effectiveness data from the TROPIC trial. Results of the company's updated cost-effectiveness analysis estimated a probabilistic incremental cost-effectiveness ratio (ICER) of £45,982 per quality-adjusted lifeyear (QALY) gained, which the committee considered to be the most plausible value for this comparison. Cabazitaxel was estimated to be both cheaper and more effective than abiraterone. Cabazitaxel was estimated to be cheaper but less effective than enzalutamide, resulting in an ICER of £212,038 per QALY gained for enzalutamide compared with cabazitaxel. The ERG noted that radium-223 is a valid comparator (for the indicated sub-group), and that it may be used in either of the two care pathways. Hence, its exclusion leads to uncertainty in the cost-effectiveness results. In addition, the company assumed that there would be no drug wastage when cabazitaxel was used, with cost-effectiveness results being sensitive to this assumption: modelling drug wastage increased the ICER comparing cabazitaxel with mitoxantrone to over £55,000 per QALY gained. The ERG updated the company's NMA and used a random effects model to perform a fully incremental analysis between cabazitaxel, abiraterone, enzalutamide and best supportive care using PASs for abiraterone and enzalutamide. Results showed that both cabazitaxel and abiraterone were extendedly dominated by the combination of best supportive care and enzalutamide. Preliminary guidance from the committee, which included wastage of cabazitaxel, did not recommend its use. In response, the company provided both a further discount to the confidential PAS for cabazitaxel and confirmation from NHS England that it is appropriate to supply and purchase cabazitaxel in pre-prepared intravenous-infusion bags, which would remove the cost of drug wastage. As a result, the committee recommended use of cabazitaxel as a treatment option in people with an Eastern Cooperative Oncology Group performance status of 0 or 1 whose disease had progressed during or after treatment with at least 225 mg/m 2 of docetaxel, as long as it was provided at the discount agreed in the PAS and purchased in either pre-prepared intravenous-infusion bags or in vials at a reduced price to reflect the average per-patient drug wastage.
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Key Points for Decision Makers
Cabazitaxel may be provided in pre-prepared intravenous-infusion bags; this novel purchasing arrangement shall reduce the cost of drug wastage within the National Health Service.
Following publication of the Appraisal Consultation Document, the National Institute for Health and Care Excellence accepted a further discount to the confidential patient access scheme for cabazitaxel in order that it could be considered cost effective.
Methodological issues with the network metaanalysis comparing cabazitaxel with best supportive care, abiraterone and enzalutamide (including violation of the proportional hazards assumption and differing definitions of progression-free survival) meant that relative efficacies were uncertain.
Introduction
The UK National Institute for Health and Care Excellence (NICE) is an independent organization. A key responsibility of NICE is to provide national guidance to the National Health Service (NHS) in England on the use of selected health technologies. The NICE single technology appraisal (STA) process is designed to appraise a single health technology with a single indication, to determine the clinical effectiveness of an intervention and whether it represents a cost-effective use of NHS resources. As part of the STA process the company manufacturing the technology submits its estimates of the clinical and cost effectiveness of the health technology. This report is then critically reviewed by an independent evidence review group (ERG), in consultation with clinical experts. The NICE Appraisal Committee (AC) considers the company's evidence, the ERG's report and testimony from experts and other stakeholders, before it develops provisional (Appraisal Consultation
recommendations. An ACD is usually produced if its recommendations are restrictive or if additional clarification is required from the company. All the stakeholders have an opportunity to comment on the ACD before the NICE AC meets again to produce an FAD. This article presents a summary of the ERG report for the STA of cabazitaxel (Jevtana Ò ) for the treatment of adults with hormone-relapsed metastatic prostate cancer treated with a docetaxel-containing regimen [1] .
The Decision Problem
Within the UK, prostate cancer is the most common form of cancer diagnosed amongst men, accounting for a quarter of all male cancers [2]. Metastatic prostate cancer occurs when the cancer spreads to other parts of the body, such as the bones or lungs. First-line therapy is typically with androgen deprivation therapy. Patients whose tumours progress following initial hormone therapy (with luteinizing hormone-releasing hormone [LHRH] agonists or antagonists or a combination of LHRH agonist with bicalutamide) may be referred to as having either metastatic hormone-relapsed prostate cancer (mHRPC) or metastatic castrate-resistant prostate cancer (mCRPC). For men who have not received the advanced hormone therapies (abiraterone or enzalutamide), the term mHRPC is more appropriate as these men have castrate levels of testosterone yet may still respond to the advanced hormone therapies. As abiraterone and enzalutamide were not available during the original STA submission for cabazitaxel, the terminology used was mHRPC, which is reflected in the title of this STA submission. However, it may be more appropriate to refer to the population of interest as people with mCRPC since most men will receive either abiraterone or enzalutamide either before or after docetaxel.
There are no published data for the incidence of mCRPC. However, a report from the National Cancer Intelligence Network reveals that of the 36,287 diagnoses in England in 2012, 5836 (16 %) were classified as Stage 4 (or metastatic) cancers, with a further 6661 diagnoses (18 %) having an unknown stage [3] . A systematic review of trials recruiting people with mCRPC estimated a median overall survival (OS) of 19 months based on 11 trials [4] .
In March 2011, cabazitaxel in combination with prednisone or prednisolone received marketing authorisation within the European Union for the treatment of patients with mHRPC previously treated with a docetaxel-containing regimen [5] . Cabazitaxel was previously appraised as part of the NICE STA process (TA255), with the FAD issued in January 2012 [6] . The Committee did not recommend treatment with cabazitaxel, as they considered that the most plausible incremental cost-effectiveness ratio (ICER) was likely to be above £87,500 per quality-adjusted life-year (QALY) gained. Following this, cabazitaxel was available via the Cancer Drugs Fund (CDF) until its removal in January 2015. It was later reinstated on the CDF in May 2015 pending the outcomes of this STA. In England, evidence from the CDF show that there were 805 notifications for cabazitaxel in 2014/15 [7] .
Cabazitaxel is administered intravenously once every 3 weeks. Dosing is by body surface area (BSA), with a recommended dose of 25 mg/m 2 . Prednisone or prednisolone are taken orally, with a dose of 10 mg/day [5] . The pivotal trial for cabazitaxel (TROPIC) compared it with mitoxantrone [8] . As mitoxantrone use is restricted to a maximum of ten cycles, the TROPIC trial also restricted the use of cabazitaxel to ten cycles. However, the marketing authorisation for cabazitaxel does not limit the number of cycles that may be given.
The final scope issued by NICE listed five relevant comparators: abiraterone in combination with prednisone or prednisolone; enzalutamide; mitoxantrone in combination with prednisolone; best supportive care (BSC); and radium-223 dichloride for the subgroup of people with bone metastasis only (no visceral metastasis).
The Independent Evidence Review Group (ERG) Review
The ERG provided an independent review of the company's (Sanofi's) submission to NICE. This review included a critique of the company's estimates of clinical and cost effectiveness. As part of the STA process, the ERG was able to ask questions to clarify specific aspects of the company's submission, and the company was able to respond with additional evidence.
Clinical Evidence Provided by the Manufacturer
Evidence on the effectiveness of cabazitaxel was taken from the TROPIC study: a multinational open-label randomised controlled trial (RCT) of cabazitaxel plus prednisone or prednisolone in men with mHRPC that had progressed during or following treatment with docetaxel [8] . The comparator was mitoxantrone plus prednisone or prednisolone. Mitoxantrone is administered intravenously once every 3 weeks for a maximum of ten cycles. The evidence used was more mature than that available for TA255, with median follow-up increasing from 12.8 months (513 deaths) to 20.5 months (585 deaths). The primary outcome was OS, with cabazitaxel associated with a statistically significant median OS gain of 2.3 months compared with a median OS for mitoxantrone of 12.8 months (p \ 0.001). A secondary outcome was progression-free survival (PFS), defined as time to progression as measured by a rise in prostate-specific antigen (PSA) level, tumour progression, pain progression or death. Cabazitaxel was associated with a statistically significant median PFS of 2.8 months compared with a median PFS for mitoxantrone of 1.4 months (p \ 0.001).
In NICE TA255, the AC considered a subgroup of patients with an Eastern Cooperative Oncology Group (ECOG) performance score of 0 or 1 and who had received at least 225 mg/m 2 of prior docetaxel to be the most appropriate population to receive cabazitaxel in UK clinical practice [6] . This population represents 83.7 % (632/ 755) of the total TROPIC trial population. Similar effectiveness was observed for cabazitaxel compared with mitoxantrone in this subgroup for both median OS (15.6 months compared with 13.4 months, p \ 0.001) and median PFS (2.8 months compared with 1.4 months, p = 0.001).
Treatment-emergent adverse events (AEs) of grade 3 or higher were observed in 57.4 % (of 371) patients in the cabazitaxel group and 39.4 % (of 371) patients in the mitoxantrone group. Cabazitaxel was also associated with a higher proportion of withdrawals from the study due to AEs (18.3 % compared with 8.4 %). Neutropenia and its complications were the most common AEs associated with cabazitaxel of grade C3 requiring medical intervention when compared with mitoxantrone. Additional safety data were available from 112 patients with mCRPC receiving cabazitaxel in the UK Early Access Programme (EAP), which is part of an open-label, single-arm international phase IIIB/IV study with participants from 12 UK cancer centres [9] .
The company assumed that, as mitoxantrone has not been shown to increase survival when compared with BSC [10] , the two could be considered to be equivalent. The company did not consider radium-223 dichloride to be a valid comparator. This was for two main reasons: firstly, evidence for radium-223 dichloride and cabazitaxel come from different patient populations; secondly, the pivotal trial for radium-223 dichloride used a different definition for PFS to the pivotal trials for abiraterone and enzalutamide.
There were no head-to-head RCTs comparing cabazitaxel with either of the advanced hormonal agents (abiraterone and enzalutamide). Instead, the company identified three relevant studies which were included in a network metaanalysis (NMA). These were the TROPIC trial [8] , the AFFIRM study comparing enzalutamide plus placebo with placebo with or without prednisone [11] , and the COU-AA-301 study comparing abiraterone plus prednisone with prednisone plus placebo [12] . To enable a coherent comparison of PFS across the three pivotal trials, an alternative definition of radiographic PFS (rPFS) was used, with rPFS defined as the time from randomisation to the first occurrence of tumour progression (based on RECIST [Response Evaluation Criteria in Solid Tumors] criteria) or death due to any cause. For the purposes of the NMA, the company assumed that the three control arms could be considered to be equivalent with regards to both OS and rPFS (and represent BSC). The company performed both fixed-effects and random-effects NMA, preferring the former, the results of which suggested that cabazitaxel, abiraterone and enzalutamide had broadly similar effects for OS, but that enzalutamide was more effective than cabazitaxel and abiraterone at delaying disease progression. The NMA results also indicated a significant increase in occurrences of anaemia and nausea for cabazitaxel compared with BSC, abiraterone and enzalutamide. For diarrhoea, there was a statistically significantly increase in AEs for cabazitaxel compared with BSC and abiraterone.
Critique of Clinical Evidence and Interpretation
The TROPIC study represents the only known RCT of cabazitaxel plus prednisone or prednisolone to have been undertaken in the relevant population. The ERG considered that the methodological quality of the TROPIC study was generally good, but that as an open-label study there was a risk of bias in the assessment of subjective outcomes such as pain and symptomatic disease progression. However, the ERG noted that OS (the primary outcome) and tumour response are objective measures and they, along with laboratory AEs, were unlikely to have been affected by bias.
In the TROPIC trial, cabazitaxel was associated with higher rates of neutropenic complications, renal failure and cardiac toxicity compared with mitoxantrone. However, during the previous STA, the AC concluded that there was no evidence of an additional risk beyond that included in the Summary of Product Characteristics. Furthermore, additional safety data from a UK EAP suggest that in general cabazitaxel is well tolerated, with manageable toxicity [9] .
The company noted that the results of the NMA should be treated with caution. The ERG agreed with this, and in addition considered that the NMA results presented by the company were likely to have underestimated the uncertainty in treatment effects due to the use of fixed-effects models in spite of evidence of heterogeneity amongst the included trials. Although random-effects analyses were conducted by the company, these were based on standard reference priors for all parameters. Because of the small number of studies in the network, a weakly informative prior for the between-study standard deviation (as used in the ERG analyses) was required. In addition, the company reported the output of their NMA as hazard ratios (HRs), which is only relevant if the relative treatment effects are constant over time. This assumption of proportional hazards was violated for at least one of the trials in the NMA [12] . The ERG also noted that there may have been differences in patient populations between the trials, and that there was uncertainty in the assumption that control treatments are exchangeable.
The company did not consider clinical evidence pertaining to radium-223 dichloride, for the reasons previously mentioned. However, clinical advisors to the ERG, along with the expert submissions considered by the AC [13] , indicated that radium-223 dichloride is a valid treatment option for the indicated sub-group. In addition, the NICE FAD for radium-223 dichloride recommends it as an option for treating adults with hormone-relapsed prostate cancer, symptomatic bone metastases and no known visceral metastases only if they have had treatment with docetaxel, and the company provides radium-223 dichloride with the discount agreed in the confidential patient access scheme (PAS) [14] .
Cost-Effectiveness Evidence
The company's cost-effectiveness results were based on an updated version of the de novo model developed for TA255 [6] . This partitioned-survival Markov cohort model was developed in Microsoft Excel Ò , and employed a lifetime horizon with costs and QALYs estimated using an NHS and Personal Social Services perspective. The model included three health states: stable disease, progressive disease and death. All patients start in the stable disease state; in the subsequent cycle, patients could remain in that health state or transition to either progressive disease or death. Following progression, the only transition possible was to death.
Three comparators to cabazitaxel were considered by the company. These were mitoxantrone (assumed to represent BSC), abiraterone and enzalutamide. Due to potential cross-resistance, typically only one of the advanced hormonal therapies is used in clinical practice. The company believed that the use of abiraterone or enzalutamide typically occurred in the pre-docetaxel setting; hence, the main comparison presented was between cabazitaxel and mitoxantrone, with effectiveness data from the sub-group of the TROPIC trial. In scenario analyses, cabazitaxel was compared separately with both abiraterone and enzalutamide. The effectiveness data for these two comparisons came from the company's NMA, and was based on full trial populations. Effectiveness data from TROPIC were incorporated in the economic model via parametric models. Five models (exponential, Weibull, Gompertz, log-logistic and log-normal) were considered, with the model that minimised the Akaike information criteria (a statistical measure of goodness of fit) for both mitoxantrone and cabazitaxel chosen. Evidence on the effectiveness of abiraterone and enzalutamide was incorporated using HRs from the NMA. These HRs were applied to the parametric model for cabazitaxel from the TROPIC study (for these comparisons, log-logistic and log-normal models were not considered as HRs cannot be applied to these).
Data on health-related quality of life (HRQoL) were not collected in the TROPIC study. Instead, these were taken from the UK EAP (utility data were not collected outside of the UK), which included 112 patients and measured HRQoL using the EuroQol EQ-5D-3L [9] . No data were available which allowed comparison of HRQoL in patients undergoing treatment with mitoxantrone or any other comparator therapy. Instead, utility values were attached to the modelled health states. Data on the utility value for progressed disease came from 25 patients. Evidence on resource use came primarily from the TROPIC trial, supplemented by a UK clinical audit of five NHS Trusts and expert clinical opinion. The clinical experts were four oncologists who were selected as UK-based specialists in prostate cancer. Following instructions from NICE, list prices were used for mitoxantrone, abiraterone and enzalutamide, so that the commercial in-confidence PASs for abiraterone and enzalutamide were not revealed to the company (Sanofi). The PAS for cabazitaxel was used for all analyses. Treatment costs included the drug costs and costs due to administration, premedication, concomitant medication and adverse events. In general, costs were reported for 2013/14 unless more recent cost estimates were available, such as from the June 2015 British National Formulary (BNF) [15] . The company's base case estimated a probabilistic cost of £50,682 per QALY gained for the comparison between cabazitaxel and mitoxantrone. Cabazitaxel was estimated to dominate abiraterone, being both cheaper and more effective. Cabazitaxel was estimated to be cheaper but less effective than enzalutamide, with an ICER of £212,038 per QALY gained associated with the use of enzalutamide in preference to cabazitaxel.
Critique of Cost-Effectiveness Evidence and Interpretation
As with the clinical effectiveness evidence, the ERG considers radium-223 dichloride to be a relevant comparator for the indicated subgroup. Hence, the exclusion of this leads to uncertainty regarding the cost effectiveness of cabazitaxel for this subgroup. In addition, the company considered two different pathways of care, depending on if the advanced hormonal agents were used in the pre-docetaxel or post-docetaxel setting. The ERG also considers there to be uncertainty over which care pathway represents standard NHS practice, and noted that, for the latter care pathway, a fully incremental analysis was not performed. Deterministic analyses performed by the company used median values from the NMA. The ERG considers the use of mean values to be more appropriate, although the results of the NMA should be treated with caution for the reasons previously provided.
Additional Work Undertaken by the ERG
The ERG updated the company's NMA and used a random-effects model instead of a fixed-effects model. As there were insufficient studies to estimate the betweenstudy standard deviation, a weakly informative half-normal prior was used, as recommended in the NICE technical support document [16] . For this analysis, a variance of 0.32 2 was employed; fuller details are provided in the ERG report [1] . Results from the NMA are displayed in Table 1 . For the deterministic analyses, mean HRs from the NMA were used by the ERG; it is noted that for abiraterone mean values for both OS and rPFS are above one (which suggest that abiraterone is more effective), whilst the corresponding median values are below one (which suggest that cabazitaxel is more effective). For the probabilistic analysis, the ERG used samples from the predictive distributions. In the presence of unexplained heterogeneity, it is recommended that the predictive distribution better represents uncertainty about comparative effectiveness for a future rollout of a particular intervention [16] .
The ERG made several changes to the company's base-case analysis, as detailed in Table 2 . Of these, only the change regarding drug wastage led to a noticeable change in the estimated ICER comparing cabazitaxel with mitoxantrone. For the company's base case, it was assumed that there would be no wastage of cabazitaxel. When asked for clarification, the company noted that this lack of drug wastage was because Sanofi would be able to supply patient-specific doses of cabazitaxel, in the form of compounded bags, direct to NHS hospitals. The ERG considers that there is uncertainty over the degree to which compounding represents standard NHS practice, and further that drug wastage would still occur if people did not attend their appointment. Because of this uncertainty, two ERG base-case ICERs were presented; one included and one excluded drug wastage. Table 2 also includes details of sensitivity analyses performed by the ERG to explore different assumptions regarding both utility values for progressed disease and the extrapolation of effectiveness data. Fuller descriptions of all analyses are provided in the ERG report [1] . Both Deterministic results are reported for individual changes AIC Akaike's information criteria, BSC best supportive care, eMIT electronic market information tool, ERG Evidence Review Group, ICER incremental cost-effectiveness ratio, OS overall survival, PFS progression-free survival, QALYs quality-adjusted life-years a For cabazitaxel, the Weibull curve is used for OS and the log-logistic curve for PFS. For mitoxantrone, the curves are the log-logistic and the log-normal, respectively increases and decreases in the base-case ICER were observed, depending on the assumptions made. The ERG performed a fully incremental analysis comparing cabazitaxel, abiraterone, enzalutamide and BSC using PAS-adjusted prices for the three active treatments, with effectiveness data from the ERG-updated NMA. It is not possible to present ICERs from this analysis as the results are commercial in confidence. Cabazitaxel was more costly and less effective than the combination of BSC and enzalutamide, and hence was extendedly dominated. Abiraterone was also extendedly dominated by this combination. However, the ERG noted that there was uncertainty in these results due to the limitations of the NMA.
The ERG was unable to formally incorporate radium-223 dichloride into assessments of cost effectiveness. However, it was noted that radium-223 dichloride and cabazitaxel appeared to have similar levels of clinical effectiveness and so a choice between the two would likely be influenced by the relative costs of these therapies.
Conclusions of the ERG Report
As with the original STA, the clinical effectiveness evidence submitted by the company suggests that cabazitaxel was more effective than mitoxantrone in prolonging both OS and PFS. Results from the NMA, updated by the ERG to provide a better characterisation of uncertainty, suggest that there was no difference between cabazitaxel, abiraterone and enzalutamide with regards to impact on both OS and rPFS. However, the results from the NMA should be viewed with caution, as the required assumption of proportional hazards was violated.
The original base-case probabilistic ICER presented by the company comparing cabazitaxel with mitoxantrone was £50,682 per QALY gained. This assumed that there would be no drug wastage; modelling of drug wastage increased the ICER to over £55,000 per QALY gained.
Using the results of the ERG-updated NMA and PASadjusted prices, results from a fully incremental analysis suggests that the combination of BSC and enzalutamide extendedly dominates cabazitaxel.
The ERG considers radium-223 dichloride to be a relevant comparator for the indicated sub-group. Excluding it from the estimates of cost effectiveness leads to uncertainty over the cost effectiveness of cabazitaxel.
Key Methodological Issues
The company's NMA, and its inclusion within the economic model, led to a number of methodological issues. Treatment effects were modelled as hazard ratios, which require an assumption of proportional hazards. This assumption has been shown to be violated for abiraterone [12] . The ERG noted that methods are available for incorporating HRs that vary over time [17] , but were not considered for this study. The company used the results from a fixed-effects NMA. The ERG considered that the use of a random-effects NMA provides a more appropriate representation of the anticipated uncertainty in comparative treatment effects. This also reflects good practice guidance recommendations that a lack of evidence for a parameter be reflected by a broad range of potential estimates [18] . However, there was a lack of evidence to inform estimates of the between-study heterogeneity. Hence, a weakly informative prior was used, based on current good practice guidance [16] , and the robustness of results to alternative prior variances was assessed. For their deterministic analyses, the company used median HRs; the ERG considers the use of mean HRs to be more appropriate. It is noted that, for deterministic results, abiraterone is less effective than cabazitaxel based on median values, but more effective based on mean values.
There was uncertainty in how clinical effectiveness data should be extrapolated. Results from the ERG's sensitivity analyses (Table 2) show that the company's base-case probabilistic ICER (£50,682 per QALY gained) could increase by 38 % (to £68,168 per QALY gained) or decrease by 17 % (to £40,887 per QALY gained), depending on the extrapolation assumptions used.
The company considered two pathways of care, depending on whether the advanced hormonal therapies were used before or after docetaxel. There was uncertainty over which of the two pathways constituted standard NHS practice. This was compounded by the evolving landscape of prostate cancer research and guidance: NICE STA processes for abiraterone, enzalutamide and radium-223 dichloride were ongoing at the same time as this STA, whilst results from the STAMPEDE trial (which suggest that docetaxel treatment should be initiated alongside longterm hormone therapy) were also published [19] . In addition, there was uncertainty over the degree to which drug wastage should be included in the economic modelling; this was a key driver of cost-effectiveness results.
National Institute for Health and Care
Excellence Guidance
Preliminary Guidance
In February 2016, based on the available evidence, the AC produced preliminary advice that cabazitaxel in combination with prednisone or prednisolone was not recommended for the treatment of hormone-relapsed metastatic prostate cancer treated with a docetaxel-containing regimen. The AC considered that wastage of cabazitaxel should be modelled to reflect current practice, and asked the company to provide further details of the proposed arrangements. The AC also indicated that it preferred the analyses conducted by the ERG. When reaching their preliminary advice, the AC considered two separate populations. For people who had not previously been treated with abiraterone or enzalutamide, the committee noted that cabazitaxel was extendedly dominated by the combination of BSC and enzalutamide. For people who have not previously been treated with abiraterone or enzalutamide, the committee felt that the most plausible ICER comparing cabazitaxel with mitoxantrone was over £55,000 per QALY gained. The committee concluded that even if the maximum possible end-of-life weight were applied to the QALY, cabazitaxel would not represent a cost-effective treatment.
Final Guidance
Following the Committee's preliminary recommendation (the ACD), comments were invited from consultees and commentators in the appraisal process, and from the public. The company's response included a further discount to the confidential PAS for cabazitaxel, an updated cost-effectiveness analysis to incorporate the AC's preferred assumptions, and clarification over the supply of cabazitaxel. The ERG updated their analyses to incorporate the new PAS reduction. In April 2016 the AC produced the FAD, which recommended use of cabazitaxel as a treatment option in people with an ECOG performance status of 0 or 1 whose disease had progressed during or after treatment with at least 225 mg/ m 2 of docetaxel, as long as it was provided at the discount agreed in the PAS and purchased in either preprepared intravenous-infusion bags or in vials at a reduced price to reflect the average per-patient drug wastage. This section discusses the key issues considered by the AC when developing the FAD. The full list can be found in the FAD [1] .
Drug Wastage
The AC noted that, in the company's economic model, wastage of cabazitaxel was not included. Under current practice, cabazitaxel is supplied in vials; hence drug wastage is likely to occur. The company stated that in the future they shall be able to supply cabazitaxel in a compounded intravenous bag for each patient, and so the NHS would only have to pay for the required number of milligrams. For the ACD, the committee felt that the economic model should use the vial price of cabazitaxel. In response, the company provided confirmation from NHS England that it is appropriate to supply and purchase cabazitaxel in this way. Hence, for the FAD, the price per milligram of cabazitaxel was used, and wastage of cabazitaxel was not modelled. Along with the further discount to the confidential PAS for cabazitaxel, this changes the committee's most plausible probabilistic ICER to £45,982 per QALY gained.
Results of the Network Meta-Analysis
Effectiveness data for comparing cabazitaxel with abiraterone, enzalutamide and BSC came from the company's NMA (as updated by the ERG). The committee noted that the limitations of the NMA meant that there was uncertainty in the effectiveness data. Hence, results from the fully incremental cost-effectiveness analysis, which showed that cabazitaxel was extendedly dominated by enzalutamide and BSC, were deemed to be highly uncertain. The committee further noted that cabazitaxel was likely to be less costly than enzalutamide and abiraterone.
End-of-Life Criteria
The AC considered end-of-life criteria for two separate patient populations, depending on whether abiraterone or enzalutamide were used pre-docetaxel or post-docetaxel. Three end-of-life criteria were considered:
1. the treatment is indicated for patients with a short life expectancy, normally \24 months; 2. the treatment is licensed or otherwise indicated for small patient populations; and 3. there is sufficient evidence to indicate that the treatment offers an extension to life, normally of at least an additional 3 months, compared with current NHS treatment. The AC has to be persuaded that this estimate is robust.
The committee was satisfied that the first two criteria were met for both patient populations. For people treated with abiraterone or enzalutamide before docetaxel, the relevant comparator for cabazitaxel was mitoxantrone, and evidence on the survival improvement was taken from the TROPIC trial. The committee concluded that all end-of-life criteria were met for this patient population. For the other patient population, BSC, abiraterone and enzalutamide were relevant comparators. The committee noted that results from the company's NMA showed no statistically significant difference in OS between cabazitaxel, abiraterone and enzalutamide. Therefore, the committee concluded that the end-of-life criteria were not met for this patient population.
Conclusions
The committee recognised that the clinical effectiveness of cabazitaxel had been proven, and that it prolonged life. The committee further noted responses to the consultation, which had emphasised the heterogeneity of prostate cancer and the need for a variety of treatment options. The committee was aware that they had not been presented with evidence relating to the clinical and cost effectiveness of cabazitaxel when used amongst people who had previously received docetaxel followed by abiraterone, enzalutamide or radium-223 dichloride. As a result, the committee was unable to make a recommendation on the use of cabazitaxel for these people. The final FAD [1] states:
''Cabazitaxel in combination with prednisone or prednisolone is recommended as an option for treating metastatic hormone-relapsed prostate cancer in people whose disease has progressed during or after docetaxel chemotherapy, only if:
• the person has an ECOG performance status of 0 or 1;
• the person has had 225 mg/m 2 or more of docetaxel; • treatment with cabazitaxel is stopped when the disease progresses or after a maximum of 10 cycles (whichever happens first); • the company provides cabazitaxel with the discount agreed in the patient access scheme, and • NHS trusts purchase cabazitaxel in accordance with the commercial access agreement between the company and NHS England, either: in pre-prepared intravenous infusion bags, or in vials, at a reduced price that includes a further discount reflecting the average cost of waste per patient''.
The recommendations of the FAD differed from the preliminary guidance. The two main reasons for this are the further discount to the confidential PAS for cabazitaxel and the change from modelling current practice in the supply of cabazitaxel to the future compounding scheme, which will minimise drug wastage.
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